The objective of the study was to evaluate the efficacy of interactive mobile device application 'Apps on sick newborn care' as a training tool, in improving the knowledge and skill scores of postgraduate nursing students (N ¼ 27). A training workshop was conducted in small workstations by the facilitators using the modules on android device and preloaded videos in which the procedure was systematically demonstrated. A mixed-methods approach consisting of pre-post tests, Likert's scale and focus group discussion were used to assess the knowledge, skills and perception of the participants. The scores in multiple choice questions (pre and post, 12.4 AE 2.2 and 19.7 AE 3.6; P < 0.001) and composite Objective Structured Clinical Examination scores (32.8 AE 7.3 vs. 63.7 AE 7.1; P < 0.001) significantly improved after training. The students derived overall satisfaction from the training using the device. Such applications have potential to train health-care professionals.
Introduction
Neonatal health is the key to child survival and wellbeing [1] . Neonatal period poses unique challenges in public health and clinical care. Nearly 99% of all neonatal deaths occur in low-and middle-income countries [1, 2] A majority of these deaths are caused by infections, prematurity and asphyxia [1, 2] . The main reason for high mortality is lack of competent and adequately skilled health-care professionals manning community hospitals [3] .
Newborn health can be achieved mainly by providing evidence-based clinical guidelines. Availability of affordable and effective treatment, and training of health workers are equally important [4] . Innovative approaches to the training of health professionals hold the key for capacity building and enhanced health outcomes, especially in resource-constrained settings [5] .
Recent advances in the information technology have resulted in the upsurge of electronic gadgets and devices, which can be a boon for training health-care professionals practicing in resourcelimited settings. Amongst such devices, smartphones are being increasingly used for disease information and instant communication [6] [7] [8] [9] [10] [11] . The Apps on sick newborn care can be used either on smartphones or on tablets to facilitate bedside management of sick neonates.
The World Health Organization Collaborating Centre for Training and Research in Newborn Care, All India Institute of Medical Sciences (AIIMS), New Delhi, with the help of Neonatologists from the Region has developed standard treatment protocols (STPs) for management of sick newborn at small hospitals with limited resources and is available on www.newbornwhocc. org. The obvious fall out of this development is to convert STPs into ready learning resources through Apps. While the increased use of Apps can be anticipated in the near future, there is hardly any evidence of the efficacy of this device in improving the knowledge and skills of health-care professionals. We therefore designed this study to evaluate the efficacy of this tool in improving the knowledge and skills of health professionals in our setting. Our primary outcome measure was increase in the knowledge and skill scores. The secondary outcome measure was the perception of the participants about the use of the device.
Methods

Subjects and setting
We conducted a cross-sectional study involving nursing students pursuing postgraduate training in pediatric nursing at three nursing colleges located in Delhi. The study was conducted in AIIMS, New Delhi, in October 2013. The participants were recruited through the principals of respective colleges on a voluntary basis.
The study was approved by the institute's ethics committee. A written informed consent was taken from all study subjects before their enrollment. The baseline demographic data were collected from all subjects.
Training content and methodology A full-day workshop was organized for training the participants in using Apps covering four modules, namely, (i) hypothermia, (ii) seizures, (iii) shock and (iv) feeding of the low birth weight and sick newborn (Table 1) . Each module was taught in a workstation having -seven to eight trainees and one facilitator. The training included demonstration of the tool and interactive discussions. The facilitators used algorithms, preloaded videos and visuals on the device for teaching and providing 'hands on' experience, rather than didactic presentations. The key trainers and facilitators were neonatologists with over 10 years of experience in teaching and training. An independent team supervised workshop execution.
Outcome assessment
The methods and tools were pilot tested and finalized after a peer review. The primary outcome, i.e. improvement in knowledge and skills, were measured by administering pretest and posttest before and after (1 week later) the intervention, respectively. Knowledge was assessed by administering 25 multiple choice questions (MCQs) including clinical scenario-based problem-solving questions. The MCQs were written (A.T.) and peer reviewed by content expert (A.K.D.) and process expert (B.V.A.). Skill was assessed by running five Objective Structured Clinical Examination (OSCE) stations which were written (A.T.) and then validated (A.K.D.) [12] .
The OSCE stations included case scenarios assessing management of shock, demonstration of alternative method of feeding, expression of breast milk, preparation of drug (phenobarbitone) and measurement of axillary temperature. The secondary outcome, namely, the attitude of the participants toward the program and the device, was assessed through Likert's scale and focus group discussion (FGD). A Likert's scale (5-point scale) consisting of 20 questions was designed and administered at the end of the workshop (same day) for eliciting participants' feedback on the relevance of content, teaching methodology, resources used and logistics. In order to assess the satisfaction of the participants, a FGD with a group of 11 participants was conducted during the follow-up session after 1 week. The sample chosen was purposive sample, with adequate representation from all three institutes. Informed consent was obtained from each participant to record the proceedings of the FGD. The issues discussed during the FGD were the strengths and limitations of the apps, feasibility and user-friendliness in terms of operation (screen, font size, maneuvering, pop-up windows, controls and maintenance). The participants were also asked about the potential obstacles anticipated and their plans to overcome the same. All the proceedings were recorded, transcribed and the transcripts were compiled for the qualitative analysis.
Sample size
We assumed that the baseline scores of the trainees taking into account their background knowledge will be 16 AE 4 and expected the improvement would be to 20 AE 4 out of maximum possible score of 25. With this assumption, and power (90%), the required sample size was 16. Anticipating some loss of trainees during the follow-up, we enrolled 27 participants.
Data collection
The first author (A.T.) assigned a unique number to each participant. Dataset on MCQ scores on pretest and posttest was assessed independently by the main investigator (A.T.) and the facilitators. Similarly the scores on OSCE stations were compiled. All scores were entered on Microsoft Excel sheets for the purpose of statistical analysis.
Data analysis
Means and standard deviations (SD) for knowledge and skill scores were computed. Assuming normal distribution of scores, paired t-test was used for determining the significance of score gains. Value of P < 0.05 was taken as significant. The satisfaction scores on Likert's scale were expressed as median (range).
The transcripts of data from the FGD were analyzed independently by two authors (B.V.A., A.T.) using constant comparison method (Glaser and Strauss) [13] . For the purpose of validation, we used method of triangulation, i.e. corroborating the data from other sources, viz., data from the Likert's scale and informal discussion held with the participants.
RESULTS
Twenty-seven MSc nursing students [age median, Interquartile range (IQR); 23 (22) (23) (24) (25) ] from three different nursing colleges participated in the study. Out of them, aged 25 years (92.6%), had a basic qualification of BSc nursing and two (7.4%) had post certificate in nursing ( Table 2 ). The previous experience
Training resulted in significant improvement in the post-MCQ score (19.7 AE 3.6 vs. 12.5 AE 2.2; P < 0.001) and the composite OSCE score (63.6 AE 7.1 vs. 32.8 AE 7.3; P < 0.001). Similar observation was also noted in the individual OSCE scores (Table 3) .
The participants expressed overall satisfaction from the course as evident by their scores on the Likert's scale (Table 4 ). The training contributed to their level of confidence and proficiency. They felt that the training was very useful for their professional activities. All their doubts were cleared and they felt that they would be able to implement the techniques learnt into practice. They found the study material interactive and easy to learn. They also felt that the algorithmic approach and the related videos were very helpful (Table 3 ). All the participants knew the use of computer Internet before attending the workshop and recommended similar activity for their colleagues when asked.
Focus group discussion
During the focus group, the participants expressed high level of confidence in using the Apps device. The main strengths of Apps were its ability to provide instant support to a remotely placed caregiver, without hassles of high-tech connectivity or operational cost. Some of the quotes from the discussants have been outlined in the Box 1. However, the discussants were thoughtful about the need for continuous training support to be made available to the users.
Some of the potential obstacles in implementing Apps were uncertainty regarding the availability of the device, lack of awareness of Apps, resistance to change amongst senior colleagues, leadership concerns, likelihood of overdependence causing disappointment in case of technology failure. The participants suggested steps such as appropriate management support, motivation and incentives (e.g. certificate of appreciation for using Apps, special recognition) and dissemination of evidence-based information through scientific forums and social networks (Facebook, Twitter) as possible measure to overcome the above obstacles. The participants were highly satisfied regarding their course experience (Table 3) . They felt that the quality of teachers, group demonstration stations and demonstration of related video skills contributed to their learning. However, some of them wanted more individual time dedicated to the workstations. OSCE stations were rated as the best among various elements of the workshop. They wanted more number of tablets for intensive 'hands on'.
Discussion
Our study demonstrated a significant increase in both knowledge and skill scores of participants following a full-day training program in the use of Apps. The participants achieved overall satisfaction about the course, felt confident to perform the procedures and expressed their willingness and commitment to pursue Apps use in their settings. The efficacy of 'Apps in sick newborn care' has not been reported earlier. However, the utility of other applications such as a remote monitoring system for patients with chronic diseases [14] [15] [16] [17] [18] , monitoring treatment [19, 20] , emergency resuscitation [21, 22] and drug calculation [23] have been reported. A study of apps for neonatal intubation [24] has demonstrated improved skills and higher accuracy in calculations. Our study has successfully demonstrated the use of Apps in sick newborn care. In Box 1. Participants' views about advantages, disadvantages and user friendliness of apps-some selected quotes from the Focus Group Discussion Discussant 1: 'I do not think cost is an issue; the cost may not be more than Rs. 5000-6000 to the best of my knowledge.' 'Everyone carries a smartphone these days.' Discussant 2: A participant expressed concern regarding connectivity. However, another participant clarified: 'Once the Apps is downloaded, one can carry and use anywhere, hence, connectivity is not at all an issue'.
The participants expressed following concerns regarding the use of Apps, especially in a remote setup. Discussant 3: 'I think, it is necessary to issue standard instruction to the users (in the form of training?) before they go for field application' 'I think the key issue here is, I am not sure how our teachers and leaders accept this innovation and motivate their students to use it. In some remote places where there is no resource, how can you expect that apps will be used there?' At this point, the moderator countered that Apps could attract more users in the remote because they (practitioners) do not have access to the expert opinion. At this point, the Co-PI (a content expert) clarified that the project is only at a pilot stage. Based on its feasibility, its scope will be enlarged to other modules as well. The need for updating the device as well as incorporating the revised STPs was indeed a genuine challenge, which will be addressed. 'A system of notification and up-gradation has to be inbuilt; the organisers would know who has downloaded, and they would be sent SMS alerts to automatically download the latest version/information. In addition there will be an inbuilt system of receiving feedback from the users for troubleshooting their problems.' Discussant 6 and 7: One participant wondered if Apps is going to replace the teachers. The Co-PI clarified that Apps is not meant to replace the teachers; it is rather a supplement. The role of teacher would be to provide content information, develop new STPs and work with computer professionals for improved use of Apps. addition to being user friendly it also had the advantage of easy access and availability as a 'point of care' tool. The App has a potential for improving quality of care and saving newborn lives in small hospitals. It can be easily updated and shared.
Strengths of our study lie in the mixed-methods approach we used to capture the efficacy of our new tool, inclusion of subjects from three nursing colleges and the use of STPs. We used a combination of quantitative and qualitative approaches (FGD) to establish the efficacy of Apps. We scheduled the assessment after 1 week so that the possible spillover effect of pretests could be lessened. The inclusion of participants from three different institutes also adds credibility to the study. Interestingly, all the participants had used smartphones earlier and perceived it as a user-friendly device.
Our study has some limitations. The study sample we drew was MSc nursing students, who may not share the same kind of competencies and attitudes of general practitioners working at the district level. Our evaluation is based on the immediate outcome in terms of knowledge, skill and attitude, rather than long-term impact. We focused on only four modules, rather than covering the whole gamut of competencies required for handling sick newborn care. The quality of trainers and the motivational level of our participants could have contributed to the success, rather than mere efficacy of the instrument. We would therefore refrain from making any overgeneralization regarding the value of Apps. We recommend that such studies should be repeated with more subjects, using a number of modules, over a longer period to arrive at further conclusion.
The importance of revamping education of health professionals as a key factor for enhancing health outcomes has been a new global mantra. The Lancet landmark report 2010 among other recommendations has highlighted the need for competency-driven approach to instructional design, impetus to inter-professional education and exploiting the power of information technology [5] . A recent study suggested that simple text messaging on cell phones provides cost-effective learning opportunities for health professionals [25] . Our study is in alignment with this philosophy, as we drew competency framework in designing the module, involved nursing professionals to bring a flavor of interprofessional education and worked on a cutting-edge technology.
Conclusion
We conclude that the benefits of information technology should be fully exploited in a resource-constrained setting. Apps have a high potentiality to invade into our class rooms as a 'supplement' if not a 'substitute' in the near future. The effectiveness of the App has yet to be evaluated in comparison with other methods of training.
